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IMPROVEMgNTS RELATING TO PAYLQAD MODULES 
Reld of the inventton 

This Inventbn relates to a payload module. In particular, this invention 
relates to a non-planar payload module that may bo used in spaoe applications. 

5 BadkCfnciun d of ifae invention 

The standard current concept for satellite payload configuratton is to 
layout the payload equipment on aluminium sandwich panels. A number of 
such panels make up an assembly called the Communicafions Module (CM). 
Thermal dissipation Is typically handled by a combination of locating the 
10 dlsslpative units on (a) north and south fadng radiator panels, and (b> internal 
panels (typically floors) thermally linked to the north and south facing radiators 
by heat pipes or pumped loops. 

The dteadvarttages of the known cunent standaid are: 

» the essentially 2-4D layout delivered by a flat panel-based 
15 configuration, which leads to an inherently long rf harness length and 

reduced rf efTk:iency: 

• costly manui^cture and assembly using potted Inserts for equipment 
attachments to composite panels; 

• the flat panel structure which is reliant on the rest of fiie spaoscrdft 
zo stnjctuie or on an excemal handling frame to provide out of plane 

stiffness and overall stnicturai Integrity (leading to higher costs 
because of Service Module (SIM) I CM interaction. CM / SM interface 
complexity and/or complex CM / SM Assembly^ Integration and Test 
(AIT)), 

25 Figure 1 shows schematically how a standard spacecraft payload 1 is 

typically used to manage the generation of waste heat. As shown, the payload 
1 receives electrical power from its bus and converts the received power Into 
transmission and reception of electromagnetic radiation. Waste heat is 
generated by the payload 1 during the energy conversion process. 
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Figure 2 shows schematically how heat flows typically from thermally 
dissipatlve payload equipment 2 on a North/South-f^cIng radiator panel 3 of an 
equatorially^iblting conventional spacecraft As shown In the Figure, by way of 
example, heat is conducted from two themrally dissipatlve payload equipments 
5 2 to a fiace oTthe panel 3, end heat is then radiated from an opposing face of 
the partel 3 to space. The payload equipments are mechanically attached to 
the North/Souih-fSadng panels, which are the coldest, seeing minimal solar 
Illumination throughout the year. Typically, the panels are between ISmm and 
25mm thick. The panels are made from oomposito mateifats that havA a high 
strength to mass ratio but have poorthennalconducth^lty. The Inclination of the 
Earth's rotation, relative to Its orbital plane around the sun. means that the 
North and South-fadng panels alternately receive a maximum of about 60 W/m» 
of solar IHumlnation during the summer and winter seasons. 

Rgure 3 is a plan view of a standaitf spacecraft panel layout 10, showing 
the typical tuncUon and fnterconnecHons between equipment As shown In the 
Rgure. by way of example only, the payload panel configuration has a radiating 
elemem 11 with diplexer 12 which In turn is coupled to a combination of power 
amplifiers 13. filteits) 14 and splitter(s) 15 and power combiner 16. The power 
equipments primarily generate thennal dissipation. It Is to be understood that 
the radiator area in use is flot fully utilised because the non^emially 
dissipating equipments occupy space and because lateral heat flow Bcn>$s the 
panel Is poor. Note also that the panel dimerislbns are greater than 2m square, 
typically, which results in long inefficient connections between the radiafinj 
elemem 1 1 and the power amplifiers 13. 

Figure 4 Is a schematic representation of another standard spaoecrafi 
panel layout 20. showing how orthogonal heat pipes are typically embedded 
within the panel. In this Joiown anangement. heat flow across the panel Is 
improved, as compared to that fn the Rgure 2 anangement pennitting full use 
of the radiator area to be utilised by dissipatlve equipments. Typically, the heat 
transport capacity of the embedded pipes Is almost ten times better than 
required. 

Obiecte and Summa ry of ihe ly^ wtiK«» 
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The present invention aims to overcome or at least substanBally reduce 
some of the above mentioneci problems assoclaled with known conflgufetlons. 

It IS a princtpal object of the present invention to provide a robust, three- 
dimensional payfoad modular structure that can effectively support complete 
payiodds with or wfthout reflectors. 

It is another principal object of the present Invention to provide a three- 
dimenstondl self^rrtalned payload module, for spacecraft for example, which 
can be assembled and/or tested as an independent entity. 

It is another principal object of the present Invention to provide a compact 
and simple payload modular structure with few piece parts, low output losses, a 
high degree of modularity, and a high thermal radiator efficiency. 

In broad terms, the present Invention resides in ttie concept of providing 
a non-planar payload module structure which is configured to support complete 
payloads comprising sufficient dosely-packed mechanical/themial modules. 

Thus, according to a first aspect of the present invention there is 
provided a plurality of sufficient doseJy-packed functional units interconnected 
to form a non^Ianar payload module. 

Further, according to a second aspect of the present invention there is 
provided a non*planar payload module comprising: a supporting structure for 
supporting the payload equipment: and a receiving volume for receiving the 
payload equipment, said volume being defined by the requirement to 
acconnmodata a predetermined sufiFicfent dosely-packed formation of 
interconnected functiorial units. 

Further, according to a third aspect of the present invention there is 
provided a non-planar payload module comprising: a supporting stnicture for 
mechanically supportlrig a number of Interconnected functional units; said 
number of functional units being ananged to provide a suffi^ent dosely-packed 
modular formation occupying a predetermined volume of the module; a number 
of thermal radiators positioned remotely In relation to the position of the 
supporting structure; and means operable to define a themnal pathway between 
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one or more dfssipative elements of saU modulo and said number of thermal 
radiators ^ that in use dEssq^ated heat 1$ transported from said one or more 
elements to said number of thennal radiators via the thermal pattiway. 

In accordance with an exemplary embodiment of the invention which will 
6 be described hereinafter m detail, the non-frfanar paytoad module \s comprised 
by a faceted tubular body lor receivmg the constituent functional unite. 
OpUonally. the faceted tubular body has an irregular polygonal structure - for 
example, the fiaceted tubular t>ody could be octagonal-shaped with eight unKs 
arrayed In an irregular octagcm around an opening defined by the body, with 
10 appropriate stnictural and equiimient attachments. It is to be understood that 
the faceted tubular body could, in principle, be of any suitable shape and 
construction that pro^Ades ^cets of suflldent size and number for (a) the 
func^'onai units plus connecting harness, and few (b) adequate structural 
support 

15 Advantageously, the payioad module includes feed means for converting 

electrons into photons or vice versa. Preferably, when the module Is comprised 
by a faceted tubular body» the functional units are mounted at different 
predetenmlned locations on a r^urality of Inner faces of the faceted body and the 
associated feed locations are mounted in proximate relationship to the 

20 funcSonai units at different predetermined locations on corresponding extemai 
faces of the fiaceted body. This arrangement has the advantage of reducing 
loss in the output harness (amptifiers to feeds) by auRident dose packing of the 
functional units Into the tubular body In dose proximity to the fe^. 
Alternatively, if desired, tiie functional units ooutd be mounted at different 

25 predetermined locations on a plurality of externa! faces of the faceted body and 
the associated feed locations could be mounted In proximate relationship to the 
functional units at dtfferent predetermined locations on corresponding inner 
faces of the faceted body. 

In accordance with another exemplary embodiment of the Invention 
30 which will be described hereinafter in detail, the non-planar payioad module Is 
comprised by a rack-type mounting chassis. Conveniently, a necelvlng space is 
defined by the chassis to accommodate a linear array of functional units* each 
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of the units being slltfaWy mounted on Iho chassis when in use. This permits a 
a^mpad modular structure to be provMed. 

Conveniently, the module includes temperature comper^satlon means 
such as heat pipes and circuitry which can gather haat dissipated by the 
6 ftinctional units and can respond to the ou^ut of dissipated heat for adjusting 
temperature differences in the module. 

The present invention also extends to a spacecraft vehicle/satellfte 
incorporating the above described modufe. As applied to a satellite, this 
invention proposes en efficient means of managing the waste heat generated 
10 by a satellite payload. 

Further, the present Invention eidends to a communfcations system for 
alrt>oma use incorponatino the above descnlsed module. 

Further, the present Invention extends to a radar communications system 
incorporating the above described module. 

15 Further, the present Invention extends to an optical/quasiK^tioai system 

incorporatfng the above described module. 

Further, the present invention extends to a self-contafned payload 
module with external power means and external tooatlng means for location of 
the module In a desired position. 

10 It is thus to be appreciated that the above described payload module 

concept offers definite advantage In various respects, namely; 

• a payload modular configuration that reduces/minimises the loss In * 
the output harness (amplifiere to feeds) by sufficient dose-packing of 
the functional units In the stnjcture, in dose proximity to the feed - this 
IS means that the InefBctency of the payload is effecliwely reduced, and 

in turn can be used to either reduce the size of the amplifieis and 
power raising and thermal radiation aspects (when applied to a 
spacecraft/satellite tor example) or to increase the perfomianoe of the 
payload; 




19H=EB-2Q04 16: 19 



Intellectual Prop 



TD GB PflT OFFICE 



P. 48 



-6- 

« a payload modular configuration wiUi enhanced moduiartty betM^een 
plaffonn and payload, and between paybad types; 

« a payfoad modular configuration tfiat simplifies ihe payload mounting 
stnjcture, reduces the part count, encourages an hncreased level of 



• a payload modular con^guration that penntts effec^e/optimal use of 
the thermal radiator area by ensuring a full dissipation, for example 
from either north or south radiator when applied to spacecraft. 

It is also to be appreciated that the proposed payload module concept. 



10 when applied to spacecraft, offiers (a) a n^bust and oompact-sized three 
dimenslonai (rather than planar) structure that can support complete payloads 
except reflectors, (b) remote ttiennal radiators and (c) a thermal system that 
gathers tiie dissipated heat from the payload equipment, maintains any 
specified differentkd temperatures between the constituent modular structural 
15 units and transports the dissipated heat from the units to the themial radiators. 
It is to be understood that the fhennal radiators are separated from the modular 
units and may comprise remote north and south facing radiators. The particular 
ad\^antage of separating the equipment mounting function of the module ftom 
the thermal radiator function Is that It permits the modularity and thermal 
20 radiator efficiency to be substantially enhanced. The inventors have deverly 
taken advantage of ttiis> despite the recc^nition that separating the equipment 
mounting function of the module structure from the thermal radiator function has 
the effect of complicating the themnal path from dissipative units of the module 
to the radiators. 

25 Conveniently, it is a simple tasK 1o Implement small. '*add-on", or 

experimental payload modular packages of the above describred type in 
spacecraft, if desired. The payload modular packages can then function as self* 
contained, piggy-back type packages. 



tt Is to be undenstood that the proposed module has a simplified, flexible 



and mechanically robust design and can be easily implemented at reasonable 
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Standardisation and reduces the overall custcMnisation cost; and 
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cost in various space^ased applications. Ttie proposed module design could 
equally be used for terrestrial communfcation applications, ff desired. 

The above and further features of the Invention are set forth with 
particularity In the appended claims and will be described hereinafter with 
B refeienoe to ttie accompanying drawings. 

Brief Descri|it|pj n off the Drawing a 

Figure 1 is a Bchematlc representation of a standani spacecraft paytoad, 
showing how it is used fo manage the generation of waste heat; 

Figure 2 shows schematleany how heat flowa typically ttom payioad 
10 equipments to panel on a conventional orbiting spacecraft; 

ngure 3 is a schematic plan view of a standard spacecraft panel layout 
showing the typical function and InteroonneeSons between equipment; 

Figure 4 is a schemaUc representation of another standard spacecraft 
panel layout, showing how orthogonal heat pipes are typicafly embedded within 
IS the panel: 

Figure 5 Is a schenatic representafion of a collection of payioad 
equipments which assmble to provide a pa^oad module embodying flie 
present invention; 

Figure 6 Is a perspective view of a faceted tube structure for add-on or 
20 experimental payioad modules aocoidlng to another embodiment of the present 
Invention; 

Figure 7 is a top plan view of a faceted tube payioad module with 
functional units, according to another embod^nt of the present invention; 

Figure 8 Is a perspective view of a C-band payioad module in 
26 accordance with another embodiment o* the present invention; 

Figure 9 is a perspective ejqploded view of two faceted tube payioad 
module stroctures, as applied to Cband and Ku-band payioad on a typical 
spacecraft platform, in accordance with another embodiment of the present 
invention: 
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Figure 10 (a) and 10 (b) provide a schemaQc comparison of two payioad 
configurations as applied to the same space missionp Figure 10 (a) showing a 
Ga&.mobHe payioad oonveniionaliy configured cn a typical $paceciBft platform, 
and Rgui^ 10 (t>) showing five fiacetBd tube payioad modules in accordance 
with another embodfrnent of tiie present Invention, these being Implemented 
with the same platform as In Figure 10 (a); and 

Figure 1 1 is a pmpecthie view of an assembly of radc-mounted payioad 
equipments which provide a payioad module fn acooidance with another 
embodiment of the present invention. 

Detailed Descricrtien of Prefeiwd Embodiments, 

In this specification the term "payioad module" will be understood by 
those skilled in the art to mean or cover an arrangement In which the payioad 
equipment is closely-packed into one, two or more mechanical/thenmai 
pa^ges or modules. 

Also» In this specification the term "^non-planar" will be used to qualify the 
dimensionality of the proposed payioad module insolar as it is intended to refer 
to a three dimensional (3-D) module structure (rather than a two dimensional (2- 
D> planar module structure). 

Ateo, in this specificdtion the term "iunctiond) units' vndll be understood to 
mean the complete payioad equipment or a subset of the payioad equipment 
excluding the mechanical end thermal support components. In this connecSon, 
it is to be understood that the term "payioad" refers to the collection of 
equipments, that convert the electiidty generated by a bus (typically a 
spacecraft bus from solar panels} into transmission and reception of 
electromagnetic radiation. The radia&on may contain data for 
telecommunications or be used directly for ranging as in RADAR/UDAR 
applications, it is to be understood that the tenn ''payioad" could also refer to 
collections of equipment that are oiganteed predominantly for the reception only 
of electromagnetic radiation. 

Refem'ng now to F^ure 5, there is schematically shown therein a 
prefenned payioad module assembly 40 for spacecraft embodying the present 
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inventlan. The paytoad module assembly 40. generally indicated as a coftecBon 
of blocks in Figure 5. cotnprisee a dose-packed coHectton of payload 
equipments in the fwrn of an EM ladiatlng dement 45, a diplexer 46, a low 
noise input amplifier 47. a plurality of pofwver amplifiers 48, a power combiner 49, 
5 a filter spntter stage 90 and a fiiequency conversion «lage 51. Tiiie Idnd of dose 
packed modular anrangeraent 40 corweniently penmits short efHdent 
connections to be piovided t)etween the respecGve payload equipments. 

As shown bi Figure 5. the payload module assembly 40 is connected to 
heat jHpes 55 which are In turn connected to the north/south-facAvg mdlator 
10 panels 57. 58 of the spacecraft In fhfs anangement. the payload module 
assembly 40 is positioned r^ote from the north^souttvfacing radiators 57, 58. 

In cperaton of the thus described dose packed modular airanganent, it 
win be understood that heat is transported from the 1hemialiy<iis0patlve 
payioad equipments of the module to the heat pipes 56 (as shown) by means of 
15 conductfon and that the beat is then transported via the heat pipes 55 to the 
radiator panels 57, 58. As shovwi. heat is then radiated by the panels out to 
space. Note that the proposed symmetrical themial link between north and 
south-fedng radiator panels, as shown, permits solar gain In summer and winter 
to be etncientfy managed. 

20 In this embodiment of the present invention, it vwll be understood that no 

mechanical fixing of the payload equ^ments to the radiator panels is required, 
removing structural loads and permitUng rtght panels to be used. If desired, a 
set of paFsllel heat pipes can be embedded in the panels (not shovwi). 

Figure 6 shows a second embodiment of the present invention In which a 
2S regular faceted tube structure 70 for adO-on or experimental payload modules Is 
deployed on a conventional sateiiKe 72. in this embodiment, the payload 
equipment ana configured in dose-padcsd fas^ton (as described previously In 
relation to the Figure 5 embodiment) within the faceted tube 70, located on the 
satellite in a similar liashion to a feed tower. As shown, a plurality of feeds and 
30 antenna reflectors are configured on external faces of the tube 70. The 
functional units are mounted to heatpipes (not shown) aligned along the lube 
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length, on the internal faces of the tube 70. Altermtivery, if desired^ the 
functional units could be mounted to heatfripes on external faces of the tube 
<not shown) end the feeds could be mounted on internal faces of the tube (not 
shown). Whilst *tfie faceted stmcture In this embodiment is shown to be a 
regular hexagonal tube 70, the tube could aitemafively be of a dffifierent shape 
and construction that provides facets of sufRcient stze and number for the 
functional unhs plus connecting harness and for adequate structural support 
For example only, the faceted tube could Instead be a thick skin (typically 4mm) 
carbon fibre reinforced plastic (CFRP) regular or irregular octagonal tube (not 
shown), with structural equipment attachments Implemented with bolts passing 
thiough equipment flanges and the tube laminate into simple nuts. 

In operation of the thus described Figure 6 arrangement, it win be 
understood that longitudinal heatpipes (not shown) may be used to gather the 
dissipated heat and ensure small temperature differentials between ur^ on the 
same facet Note that the remote radiators (not shown)* for what would be a 
small percentage of the total dis^pated heat, oould be one or more of a 
combination of the following: dedicated radiators mounted to the faceted tube, 
dedicated radiators mounted to the satellite platTorm or a segment of the 
satellite Y wali radiators, shared with the main satellite payload. Note also that 
the proposed .method of heat transfer from the tube mourrted heatpipes to the 
. remote radiators could be achieved using either: direct connection between the 
heatpipes and the remote radiators, or indir^ oonnection using a fluid loop. 

Figure 7 shows a top plan view of a further embodiment of the present 
invention In which a complete geostabonary satellrte payioad Is configured to 
provide a plurality of faceted tube payioad modules 80. 

Each of the faceted tube payioad modules SO is located at a suitable 
position close to its associated required feed location 85 so as to 
reduce/minimise rf harness tosses* and such that a good payioad to platform 
modularity is effectively implemented. As shown, the associated feeds 85 are 
suitebly configured onto a plurality of external faces of the faceted tube 86. 



19H=EB-2034 16« 



IN Intellectual Prop 



TO GB POT OFFICE 



P. S3 



-11 - 

The ftinctlonal units are mounted to heatpipss (not shown), aligned along 
the tulie length, on iniemal feces of the tuiie. Alternatively, if desired, the 
functional units could be mounted to heatplpes on external feces of the lube 
(not shown). 

5 Whilst the feoeted sbuctund in this embodiment is shown to be a regular 

octagonal tube SB. the lube oould alternatively be of a diRerent shape and 
oonstnicBon lhat provides facets of sufficient size and number for (a) the 
functional unHs plus connecting harness and for (b) adequate stmctural support. 
For example only, the feoeted tube couW instead be a thick skh (4mTn) CFRP 
10 heptagonal tube (not shown), with stnicturai and equipment attachments 
Implemented with bolts passing through equipment flanges and the tube 
laminate into simple nuts. 

In operation of the thus described Figure 7 arrangement, it will be 
understood that longitudinal heatplpes (not shown) may be used to gather the 
15 dissipated heat and ensure small temperature diflferentiais between units on the 
same fecet The optimal remote radiators (not shown), for what would be neariy 
100% of the payload dissipated heat, are dedicated fixed or deployable. thennal 
radiators feeing in the north and south directions. The method of heat transfer 
from the tube mounted heatplpes to the remote radiators could be achieved 

20 using either direct connection between the heatpipes and the remote ladlatois. 
or indirect connection using a fkiid loop. Note that the more complex and 
expensive fluid loops could allow the modules to be configured in a wider range 
of orientations but an adequate oonffguratlon can be proposed with the modules 
located at the level of the feeds, above the platfomi, oriented so that the 

25 longitudinal axis of each tube Is parallel to the sateUite north/south axis. This 
conflguiation pennits the heat transfer to be achieved with simple L-shaped 
heatpipes. with the longer part of the heatpipe bolted to the banks of functional 
units (within the tube) and the other ami of the L-shaped heatpipe bolted 
dvecity to one or other of the north and south radiatois. 

30 Refem'ng next to Figure 8, there is shown In perspecUve view a C-band 

Payload IModule go for a satellite embodying the present invention. The C-band 
Payload IModule 90 comprises a feceted tube sbuctum 91 of the type described 
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In Rgure 7, a pair of remote thermal radiators 92 fadng in the north and south 
dir^ons, and a connecting nelworfc of heatpipes 95 for transfening heat ftom 
the faceted tube stmctura to the remote radiators. As shown, the functional 
units within the faceted tut>e stnic^ure 91 are located at the level of the feeds 96 

5 above the platform, oriented so that the longitudinal axis of the tubular structure 
Is parallel to the satellite north/ south axis. As also shown, the heatpipes are L* 
shaped, wfth the longer part of the heatpipe bolted to the banks of the functJondi 
units (within the faceted tube) and the other arm of the L-shaped heatpipe 
bolted directly to one or other of the north and south ^dng radiators 92. In this 

10 way, an efficient heat transfer can be achieved during operation of the payload 
module 90. it wlli tje understood also that the heatpipes 95 in use serve to 
gather the dissipated heat and in combination with control circuitry (not shown}, 
ensure smail temperature differsntials between units on the same facet Ncrfe in 
this Rgure that not all of the facets are shovm for clarity. 

15 Referring next to Figure 9. there Is shown in perspective exploded view 

C-band end Ku-I>and Payload Modules 100. for a satellite on a typical platform 
101, embodying the present Invention, in this embodiment, as shown, the C- 
t>and and ku-band Payload Modules 100 each take advantage of a faceted tube 
structure 102 of the type previously described in Figure 7. As shown there are 

20 two separate faceted tubes and each of the faceted tubes 102 is structurally 
supported by the platform 101 so as to be positioned directly on top of one or 
other of the north/south facing radiator panels 103. As also shown, the 
associated feeds are oonvenientiy mounted dose to the faceted tubes 102. For 
sake of completeness, a plurality of standard reflectors 105 for use with this 

25 configuration are additionally shown. 

Figures 10 (a) and 10 (b) provide a direct schematic comparison of two 
payload configurations as applied to the same space mission, F^ure 10 (a) 
showing a Oeo-moMe payload 110 conventional^ configured on a Epical 
platform 111, end Figure 10 (b) showing how five Int^iconnectsd faceted tubes 
30 112 (with functional unit), of the type described previously in Figure 7, can be 
effectively configured as payload modules on the same platform 111 as in 
Figure 10 (a). 
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As shown In ihe conventional staicture of Figure 10 (a), the payload Is 
distributed aooss the entire wfrewali of the structure 1 10. Note that, in this 
case, the feed 115 is mcHjnted at the top end of the stnicture 110. 

In contrast, as shown In the Inventive staicture of the embodiment of 
5 Figure 10 (b). the paytoad Is effectively distributed in dose packed fonnation 
acRTss the fh/o faceted tubes 112, with the associated teed 115* being 
proM'mately mounted above. Thus, beceuse there is such an effective close 
packing of payioad equipments (functional units) in this structure, it is possible 
to provide a compactt yet robust three-dimensional payioad module structure for 
io supporBng complete payloads. Note in this connecHon the marked reduction In 
size of structure in going from that of Figure 10 (a) to that of Figure 10 (b). For 
$ake of darfty of the Figures, a man Is also shown for scale. 

Figure 1 1 shows, as a perspedlve view, an assembly of racked-mounted 
payioad equipments (ail of standard size) which provide a paytoad module 120 
1 5 in accordance with another embodiment of the present invention. 

As shown, the rack-mounted module 120 with chassis has a rectangular 
box-type configuration which is formed to define an Interior volume space for 
receiving a plurality of fiinctionai units. The units could be In the term of printed 
circuit boards, for e^^mple. In use, therefore, it is envisaged that two or more 
20 units can be sildably mounted, side by side, onto th^ reck-nnountfrig chassis. 
The chassis is formed of suitable (aluminium, for example) material. In this 
way, a linear array of unite can be housed by the module 120, if so dea>ed« 

As also shown, the associated feed In the fomi of two feed homs 125 is 
mounted an top directly to the module structure 120. its actual position will 

2S depend upon the particular antenna geometry. It will be understood that an 
effective heat transfer mechanism with temperature compensation means for 
regulating temperature differentials between components of the module 
structure can be readily provided, and the F^ure shows one way of 
accomplishing this - more particularly, the Rgure shows haw the heat pipe 

30 interfaces 126 could be disposed between module 120 and radiator panels 127. 
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Havi'ng thus desoibed the present invention by reference to various 
preferred embodiments, It is to be appreciated that the embodinaents are in aB 
respects exemplary and that modificatior\s and variations are possitde without 
departure from the spirit and scope of the invention. For example, whilst In the 
5 de$ortt>ed embodiment of %ure 7 the faceted tube has a regular octagonal 
structure, the tube oould aitemativ^y, for example, have an irregular different 
polygonal structure, or a druular structure, or an oval structure or an altogether 
difTerent squashed staicture if desired. pro\1ded that there are fac^s of 
sufficient size and number for the functional untts and for adequate structural 

10 support Further, whilst only two separate faceted tuttes are described in 
relation to the Figure 9 embodbnent, the descrit}ed aFrangemant could be 
modified by provision of addfflonal faceted tut^es for example, if desired, and by 
corresponding modffic^on of the support stnjcture. tf desired. Purttier, whilst In 
the described embodiment of Figure 10 (b) there are five coupled faceted tubes» 

15 the arrangement could be readily modified to aooommodate less or more 
coupled faceted tubes, if desired. Furthermore, whilst In the described 
emt>odiment of Figure 11, the functional units are separately mounted onto the 
rack-mounting chassis. It is equally possible for the units to be formed as an 
integnal part of the payload module, if desired. 

20 It is to be also appreciated that any payload module structure formed by 

adjoining two or more functional units with non-planar interconnects falls within 
the scope of this invention^ 

it is to t>e also appreciated that the inventive payload module structure 
finds utOKy in vanous space-based applications as well as in various terrestrial 
25 applications, for example in nadar/airbome communications systems* as well as 
In optical/quasi-optical systems. 

It is to be understood that any feature described in relation to any one 
embodiment may be used alone, or in combination with other features 
described, and may also be used in combination with one or more features of 
30 any other of the embodiments, or any combination of any other of the 
embodvnents. 




lM.20a4 ie.22 FRDN Intel. ectual FVop TO GB POT CFFICE 



P. 57 



-IS- 

Furth$mnore. equivalents and modifications not described above may 
also be employed without departing from tine scope of the Invention, which is 
deflned In fhd accompanying claims. 
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Claims 



10 3. 



4. 
5. 

26 

8. 



A plurality of sufficient cSosely^padied functional unita Inteiwnnected to 
form a non-planar payload module. 

A non^planar payload module oomprisincj; 
a supporting dfructure for supporting the payload equipment; and 
a receMng volume for receiving ttie payload equipment, said volume 
being defined by the requirement to accommodate a predetermined 
sufficient closely-packed formation of interconnrotecl functional units. 
A non-planar peyload module comprising: 

a supporting structure for mechanically supporting a number of 
Interconnected functional units; 

said number of functional units being arranged to pn>vide a suffiaent 
closely-padted modular formation occupying a predetemtlned volume of 
the module; 

a number of thermal radiators positioned remotely In relation to the 
position of the supporting stiucture; and 

means operable to define a thermal pathway between one or more 
disslpative elements of said module and said number of thermal radiators 
so that in use disslpatjed heat is transported from said one or more 
elements to said number of thermal radiators via the thermal pathway. 

A module as claimed in dalm 1 or claim 2 or daim 3 comprising a 
faceted tubular body for receiving the units. 

A module as claimed In claim 4 Vkrtiereln the iaoeted body has an 
irregular structure. 

A module as claimed In dalm 4 or claim 5 Including teed means for 
converting electrons Into photons or vice vei^. 
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7. A module as claimed In daim 4 or dafm 5 or claim 6 wherein the 
funcUonal units are mounted 9t different predetermined locations on a 
plurality of Inner faces of the fiaceted body and the assodated feed 
looaflons ere mounted in proximate relationship to the ftjncflonal units at 

6 different predetermined locations on corresponding external faces of the 

faceted body. 

8. A module as claimed In claim 4 or dedm 6 or claim 6 wherein the 
functlonai untta are mounted at different predetermined locations on a 
plurality of external faces of the faceted body and the associated feed 

10 locations are mounted in proximate lelationsliip to the functional units at 

different predetemriined locations on corrosponding inner faces of the 
faceted tsody. 

. 9. A module as claimed in any of claims 4 to 8 wherein there are eight 
functional units arayed in an odagon around an opening defoned by ttie 
15 faceted body. 

10. A module as dsnmed fn claim 1 or daim 2 or claim 3 comprising a rack- 
mounting chassis. 

11. A module as claimed in ciafrn 10 wherein a receh^ing volume space is 
defined by ibe chassis to accommodate a linear array of functional units, 

20 each of the units being slldably mounted on the chassis when in use. 

12. A module as daimed in any of ttie preceding dafms indudtng 
temperature compensation means. 

13. A module as daimed in claim 12 wherein said temperature compensation 
means includes a number of heat pipes for gathering heat dissipated by 

25 the functional units and circuitry r^ponsive to the output of dissipated 

heat for adjusting temperature differences in the module. 

14. A spacecraft vehicle or satellite Incorporating a module as daimed in any 
of the preceding claims. 

15. A communications system for airborne use incorporating a module as 
30 claimed in any of the daims 1 to 13. 
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i. A seff-contalned payioad module with external power means and 
external locating means for location of tha module in a desired position. 
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ABSTRACT OF THE DISCLOSURE 

''IMPROVEMENTS RELATING TO PAYLOAD MODULES" 

There is disclosed a plurality of $ufflclent ctoselyHfiacked functional units 
which are interconnected to form a non-planar payload module assemtMy 40. 

5 Advantageously* the payload modular structure 40 is compact vrith few 

piece parts, has low output losses, and Is robust enough for supporting 
complete payloads with or without reflectors. The payload modular structure 
has utatty in various space-based applications as well as in various terrestrial 
applications. 

10 (Figure 5) 
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